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Dependence of the hel ium mixing t ime  in the l u n g - s p i r o g r a p h  s y s t e m  of f ac to r s  influencing 
i ts  value was analyzed.  In the case  of uni form venti lat ion of the lungs graphs  were  plotted by 
means  of which the "ideal"  mixing t ime was de termined.  It i s  suggested that nonuniformity 
of lung venti lat ion be judged by the amount  by which the mixing t ime  obtained during inves t iga-  
tion of the pa t i en t ' s  r e sp i r a t ion  exceeds  the  " ideal"  t ime found for  the same  pat ient  f rom the 
graph.  
KEY WORDS: venti lat ion of the lungs; hel ium method; res idual  lung volume.  

The hel ium method is usual ly  used to de te rmine  the r e s idua l  lung volume.  In the course  of this inves t i -  
gation data a re  obtained on the t ime  during which a lmos t  uni form mixing of hel ium takes  place  in the l ung -  
sp i rograph  sys t em.  At tempts  a r e  often made to judge the nonuniformity of the lung venti lat ion by the mixing 
t ime  without allowing for  how it  depends on o ther  fac to rs :  the longer  the mixing t ime ,  the g r e a t e r  the non- 
uni formi ty  of venti lat ion.  However ,  the mixing t ime  depends not only on the nonuniformity of lung venti lat ion,  
but also on indices such as the minute a lveo la r  venti lat ion,  the functional r e s e r v e  capaci ty ,  the volume of the 
sp i rograph  and init ial  hel ium concentra t ion in it ,  and a lso  on the exper imen ta l  conditions. The p rob l em thus 
a r i s e s  of allowing for the dependence of the hel ium mixing t ime in the sy s t em on the f ac to r s  l i s ted above,  so 
that  the nonuniformity of a lveo la r  venti lat ion can be es t imated  on the bas i s  of this p a r a m e t e r .  

The mixing t ime which the pat ient  should have if  his lungs were  uni formly  vent i la ted may  be called the 
"ideal"  mixing t ime.  Clear ly ,  the g r e a t e r  the nonuniformity of the pa t i en t ' s  pu lmonary  venti lat ion,  the m o r e  
the mixing t ime  will exceed the " ideal"  value found for  the s a m e  pat ient ,  o ther  conditions being the s ame .  

An equation was obtained for  de te rmin ing  the "ideal" mixing t ime  t: 

/ cou ht~ 
t = iv~v~ In ~~7-,): [" (v, + v~)], (1) 

where V 1 is  the volume of the sp i rograph  (the bell  and dead space of the ins t rument)  before  the beginning of 
the test;  c o the init ial  f rac t ional  hel ium concentra t ion in the sp i rograph;  V 2 the functional res idua l  capaci ty  
(FRC) of the pa t i en t ' s  lungs de te rmined  during the invest igation;  u the minute  a lveo la r  venti lat ion (MAV); At  
and A C p a r a m e t e r s  cha rac te r i z ing  the conditions fo r  stopping the invest igat ion.  

The t ime  of stopping the invest igat ion can be chosen in different  ways by different  inves t iga tors  for  this 
gives different  in te rpre ta t ions  of the degree  of uni formi ty  of mixing.  In the genera l  sense  the conditions of 
stopping the invest igat ion can be defined as follows: The invest igat ion is  s topped when changes in the hel ium 
concentra t ion in the sp i rograph  dec r ea s e  to a ce r ta in  smal l  value A c at t ime  in te rva l s  A t chosen for  the ob- 
se rva t ion .  Since the a im of the invest igat ion is  to compare  resu l t s  obtained in p r ac t i ce  with those calculated 
theore t ica l ly ,  i t  is impor tan t  that during theore t ica l  ca lcu la t ion  the values  of A t and A c be chosen to be the 
s ame  as the conditions of stopping the invest igat ion during expe r imen ta l  de terminat ion  of the mixing t ime.  
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Fig. 1. Determina t ion  of " ideal"  hel ium 
mixing t ime  in the h m g - s p i r o g r a p h  sy s t em.  
The " ideal"  mixing t ime  (ordinate) is found 
f rom the value of the functional res idual  
capac i ty  (abscissa)  and minute  a lveo la r  
venti lat ion (the ve r t i ca l  column of number s  
on the right).  The p a r a m e t e r s  for  which 
these  g raphs  were  plotted a r e  indicated 
in the top r ight-hand co rne r .  

Equation (1) was obtained a s  follows. Changes in the hel ium concentra t ion in the sp i rograph  a f t e r  con-  
nect ion to the pat ient  s y s t e m  can be r e p r e s e n t e d  by the following di f ferent ia l  equation: 

V~ dc~ -~ --ucl dt + uc~ dr, 

where  c 1 is the hel ium concent ra t ion  in the sp i rograph;  c 2 the s ame  in the lungs; dc 1 the change in the hel ium 
concent ra t ion  in the sp i rog raph  dur ing t ime  tit; uc2dt the quantity of  hel ium enter ing the sp i rograph;  uctdt the 
quantity of  hel ium leaving the sp i rograph  during t ime  dr~ 

Consider ing that clV ~ + c2V 2 = c0V1, we obtain 

d r  1 [ t/ - L  t/- x U 
= - - k  V? ' V~/) q + ~ c o "  (2) dt 

Equation (2) can be wr i t ten  in the s impl i f ied  fo rm 

d~, (3) 
dt -- aq  + b, 

w h e r e a =  --u(Vl+VO a n d b =  uco v # ,  v~ �9 Substituting in Eq. (3) the v a r i a b l e s  y = a c l + b ,  we obtain the d i f fe ren-  

t ia l  equation d y / y =  adt,  which is eas i ly  solved.  It solution has the fo rm y = k  exp (at). When t = 0  k=ue0 /V 1 
cons ider ing  the above a rgumen t s ,  we obtain 

uco ( Vr -4- Vo. t) Y = - - ~  exp t--u D 

Bever t ing  to the or ig inal  va r i ab l e ,  we obtain a re la t ionship  between the hel ium concentra t ion in the s p i r o -  
g raph  c 1 and t ime  and the o ther  v a r i a b l e s .  ~ 

CoY1 CoV, ( Yi  + V~ ) 
cx-- V1-}-V~ -~ V~+V~ exp - - u ~ t  . 

Consider ing that the invest igat ion is s topped when the change in the hel ium concent ra t ion  in the s p i r o -  
g raph  during t ime  At fal ls  to AC, it is e a sy  to obtain the Eq. (1) for  calculat ing the " ideal"  gas  mixing t ime  in 
the l u n g - s p i r o g r a p h  s y s t em .  

Bepeated ca lcula t ions  of the " ideal"  mix ing  t ime  by Eq. (1) in eve ryday  p r ac t i c e  would be a difficult  task .  
Graphs s impl i fy ing this p r o c e s s  we re  accord ingly  plotted.  The dependence of the "ideal"  t ime  on the value of 
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FBC for  di f ferent  values  of MAV a r e  shown in Fig. 1, for Eq. (1) reduces  to the dependence o f t  on these  two 
indices.  Graphs were  plotted f rom the numer i ca l  data obtained by compute r  using the s i m p l e s t p r o g r a m f o r c a l -  
culat ing t by Eq. {1) for di f ferent  values  of  V 2 and u. The remain ing  p a r a m e t e r s  in this case  were  given values  
co r respond ing  to those obtained exper imenta l ly .  The volume of the sp i rograph  V1 and also the initial hel ium 
concentra t ion  in it c o a r e  a lmos t  constant  under the compara t i ve ly  uniform conditions of the invest igat ion and 
they can be taken as  known. FRC (V2) is de te rmined  for  each pat ient  in the cour se  of the invest igat ion.  MAV 
(u) is found f rom the sp i rograph ic  data.  For its de te rmina t ion  it is a lso  essen t i a l  to know the ana tomica l  dead 
space  (ADS), and this can be de t e rmined  by additional exper imenta l  invest igat ions  o r ,  if the appara tus  r equ i red  
for de te rmina t ion  of ADS is not ava i lab le ,  the known n o r m s  can be used [2, 3]. The values of  At aad Ac, together  
with the remain ing  initial data a r e  indicated on Fig. 1. Others  m o r e  acceptab le  for o ther  inves t iga tors  can a lso  
be chosen for them.  If the initial data differ  f rom those for which the g raphs  were  plotted in this pape r ,  new 
graphs  can be drawn to d e t e r m i n e  the " ideal"  mixing t ime  in accordance  with Eq. {1). 

Repor ts  of the detect ion of d i s tu rbances  of venti lat ion on the bas i s  of the hel ium method have been pub-  
l ished [1, 4-7]. However ,  s t r i c t ,  sc ient i f ica l ly  based Nnorms" of an index such as  the mixing t ime  were  not 
given in these  pape r s .  The r e su l t s  of the p re sen t  invest igat ion enable a "norm"  of the hel ium mixing t ime ,  
namely  the "ideal"  mixing t ime ,  to be found for each pat ient  and, depending on by how much  the t rue  mixing 
t i m e  exceeds  the " ideal"  t ime ,  the nonuniformity  of pu lmonary  venti lat ion can be judged. The r ea son  for this 
excess  is d i s tu rbances  of venti lat ion connected with pathological  changes in the r e s p i r a t o r y  appara tus  such as 
d i s tu rbances  of  bronchial  pa tency ,  e m p h y s e m a ,  c o m p e n s a t o r y  changes in the blood flow, and so on. 

Hence,  as a r e su l t  of  these  ca lcula t ions  and cons t ruc t ions ,  i t  was poss ib le  to draw valid conclusions r e -  
garding the p r e s e n c e  or  absence  of nonuniformity  of  pu lmonary  venti lat ion f rom the hel ium mixing t ime  in the 
l u n g - s p i r o g r a p h  s y s t e m ,  so that the mixing t ime  i t se l f  acqu i res  definite in te res t  in connection with the c o m -  
p rehens ive  invest igat ion of external  r e sp i r a t ion .  
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